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Abstract: Hemianthus callitrichoides ‘Cuba’ is an ornamental aquatic plant used in water gardens and phytoremediation. A protocol for its
rapid and reproducible shoot organogenesis from apical shoot explants was developed. Optimum culture conditions for shoot proliferation
were tested in MS media containing different concentrations of 6-(γ,γ-dimethylallylamino)purine (2iP), 6-benzylaminopurine (BAP),
1-phenyl-3-1,2,3-thiadiazol-5-yl urea (TDZ), and gibberellic acid (GA3). Plant growth regulators significantly (P ≤ 0.001) affected the
diameter, area, and fresh weight of shoot clumps. On the basis of plant growth, the maximum shoot diameter (3.06 cm), area (6.12 cm),
and clump weight (2.85 g) of apical shoots were achieved on MS medium containing 0.50 mg L–1 BAP. Higher concentrations of sucrose
(9%) showed visible phenotypic growth inhibition and abnormalities were observed in vitro. The regenerated shoots rooted efficiently
on MS medium without growth regulators. The growth pattern of multiple shoots indicated their origin from an enlarged shoot base via
the proliferation of apical shoots. All in vitro regenerated plantlets acclimatized in aquariums successfully. The simplicity of the protocol
and the direct production of multiple shoots make it a potential system that is highly amenable to true-to-type plant regeneration with
the ability to maintain genetic stability.
Key words: Aquatic plant, apical shoot, Hemianthus callitrichoides, in vitro, regeneration, proliferation, plant growth regulators

1. Introduction
Aquatic plants are important living organisms in water
environments that maintain oxygen levels, organic matter,
and the feeding and breeding environments of other
aquatic organisms (Cirik et al., 2011). The efficiency of any
water body is determined by the amount of aquatic plants it
contains as they are the primary and secondary producers
of the ecosystem (Oyedeji and Abowei, 2012). Currently
aquatic plants are gaining more popularity in traditional
aquariums and water gardens (Maki and Galatowitsch,
2004). In the United States, water gardens are found in more
than 16 million houses (http://www.ridnis.ucdavis.edu/
docs/hcrossonartcle..pdf). In European countries, aquatic
plants are more popular and are imported from abroad
for their ornamental and bioindicator features (Karatas
et al., 2013). The aquarium industry is growing rapidly
worldwide, including in Turkey, and most of the materials,
especially plants, are imported from East Asia. The annual
import bill of the aquarium industry approached 137.1
million euro in 2011 (http://www.eurofish.dk/images/
stories/files/Turkey/Cesme/3-HA.pdf).
* Correspondence: surendrabarpete@gmail.com

Aquatic plants are also used for phytoremediation
because they have the ability to absorb heavy metals
from polluted water bodies (Rai, 2009; Singh et al., 2012).
They are also used to biomonitor (monitoring pollution)
the aquatic environment (Zurayk et al., 2001). However,
the use of aquatic plants for phytoremediation or as
bioindicators in water bodies is confined by their limited
availability.
Hemianthus callitrichoides ‘Cuba’, family Scrophulariaceae, is an ornamental aquatic plant and a native of the
area east of Havana, Cuba. It is commonly known as “dwarf
baby tears” or “HC” and was described in the literature for
the first time in 2003 as a small rocky plant (Othman et
al., 2014). H. callitrichoides has become an increasingly
popular and attractive foreground plant of choice. This
delicate, cushion-forming plant is best used between rocks
or as a carpeting plant in aquariums. It is also well known
for being used as decoration and an oxygen-producing
plant in fish aquariums. It blooms white tiny flowers under
favorable conditions, but the flowers are extremely small
and easy to overlook. It is generally moderately to slow
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growing in an aquarium environment, so it is preferred
over others for its less frequent trimming requirements.
However, it requires abundant lighting, generous nutrient
levels, a fine-grained substrate, and good CO2 levels to do
well in aquariums (Othman et al., 2014). It can be grown
emerged, but is somewhat prone to fungal attacks if the
aquarium atmosphere is not at an appropriate water pH
level.
Therefore, there is a need to develop alternative means
of propagation of these plants, such as in vitro regeneration.
However, reliable in vitro regeneration of aquatic plants is
hindered by microorganism growth (Altan et al., 2010) that
can originate from several sources (Leifert and Cassells,
2001). It may be due to indigenous microorganism presence
or an ineffective surface sterilization of explants (Cassells,
1990; George, 1993). Therefore, great attention is required
for the effective surface sterilization of the aquatic plant.
All types of microorganisms (contaminants), including
bacteria, viruses, fungi, and yeasts, are sources of extensive
economic losses in plant tissue culture-based laboratories
and industries (George, 1993; Leifert and Cassells, 2001).
A number of successful micropropagations have
been reported in recent years (Karatas et al., 2013, 2014).
However, there is no report on in vitro micropropagation of
H. callitrichoides to date. Therefore, the current study aimed
to develop an efficient and rapid in vitro plant proliferation
system for H. callitrichoides plants. The study examined
the importance of various plant growth regulators (PGRs)
and the effects of different sucrose concentrations on shoot
proliferation from apical shoots of H. callitrichoides. This
study could be helpful for maintaining the genetic stability
and effective conservation of the plant.
2. Materials and methods
2.1. Explant source
The plants of H. callitrichoides were purchased from a
local aquarium store in Ankara, Turkey. The plants were
maintained in aquariums until their use in the in vitro
study.
2.2. Surface sterilization
The explants were washed in running tap water for 1 h
and then sterilized in double-distilled water. Explants were
divided into shoot clumps and each clump contained 10–15
shoots. Thereafter, they were surface-sterilized using either
25% commercial bleach [5% (v/v) sodium hypochloride,
ACE, Turkey] and 0.1% HgCl2 (mercuric chloride) for 5 min
or 10% H2O2 (hydrogen peroxide) for 45 min, followed by
50 mg L–1 mancozeb (broad-spectrum antifungal) solution
for 10 min. Finally, they were rinsed 3 × 7 min with sterile
distilled water and blotted on sterilized tissue paper.
2.3. Shoot proliferation media
Following sterilization, apical shoots, internodes, and
shoot stem explants were excised and cultured on 3 g L-l
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Gelrite solidified MS medium (Murashige and Skoog,
1962) containing different concentrations of 6-(γ,γdimethylallylamino)purine (2iP), 6-benzylaminopurine
(BAP), 1-phenyl-3-1,2,3-thiadiazol-5-yl urea (TDZ),
and gibberellic acid (GA3) for optimization and shoot
proliferation. Each growth regulator was distributed in
three treatments (0.25, 0.50, and 1.0 mg L–1) in the present
study. For the multiplication experiment, nine apical
shoots per replication were used and each treatment was
replicated three times. Data were noted after 5 weeks of
culture inoculation in the medium.
2.4. Effects of different sucrose concentrations on shoot
proliferation
To maximize shoot multiplication, the apical shoots were
cultured in an MS medium containing 0.5 mg L–1 BAP
and supplemented with 1.5%, 3%, 4.5%, 6%, and 9%
(w/v) sucrose to evaluate its effects on plant growth. Each
treatment was run three times. The cultures were checked
visually for growth or any abnormality.
2.5. Culture conditions
All culture media were autoclaved for 20 min at 121 °C
(1.5 kg cm−2 pressure), and the pH was adjusted to 5.7 ±
1 with 1 N NaOH or 1 N HCl. All cultures were grown
at 25 ± 2 °C under a 16/8-h light/dark photoperiod. Light
was supplied at an intensity of 25 µmol m–2 s–1 by coolwhite fluorescent lamps. The PGRs, Gelrite gellan gum,
and chemicals used in this study were purchased from
Sigma-Aldrich Co. (USA) and Duchefa Biochemie B.V.
(the Netherlands).
2.6. Rooting and acclimatization
Multiplied regenerated shoots were used for the rooting.
An MS basal medium with no growth regulators (1 × MS
medium) was used for the in vitro rooting. After 3 weeks
of rooting, healthy plantlets were taken from the culture
medium and washed in running tap water thoroughly
so as to remove any agar-solidified medium adhering to
the roots. The plantlets were transferred to aquariums
containing sand and gravel as a foreground surface with
tap water for acclimatization. The acclimatized plants
were maintained under ambient daylight conditions in the
aquariums.
2.7. Statistical analysis
The treatments were arranged in a completely randomized
design. The post hoc tests were performed using Tukey’s
or Duncan’s multiple range test at the P ≤ 0.01 level
of significance. The data on each type of explant and
proliferation medium were subjected to a one-way analysis
of variance (ANOVA), using SPSS 17 for Windows (USA).
All experimental data taken as percentages were arcsinetransformed (Snedecor and Cochran, 1967) before
statistical analysis.
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3. Results and discussion
3.1. Explant sterilization and stock establishment
H. callitrichoides explants proved difficult to establish in
vitro. Surface sterilization with NaOCl and HgCl2 failed
to disinfect the shoot-clump explants. H2O2 was more
effective for surface sterilization. Out of 45 shoot-clump
explants treated with H2O2, excised, and cultured in MS
medium devoid of growth variants, only 37 explants
containing 550 single plants (82.22%) were successfully
surface-sterilized and established in vitro (Figure 1a).
The presence of bacterial and fungal contamination in
Hemianthus species could in part account for the difficulties
in explant surface sterilization. Although 4 to 7 days of
culture showed some possibility of disinfecting explants of
bacterial and fungal contaminations, the explants showed
indigenous fungal contamination after 2 weeks of culture
inoculation (Figure 1b). These results are in line with those
of Özel et al. (2006), who reported an appearance of fungal

and bacterial contamination on Centaurea tchihatcheffii
explants several weeks after surface sterilization. In the
present study, sterilized stock explants were increased by
repeated subculture multiplications at 3-week intervals.
3.2. Effects of TDZ, 2iP, GA3, and BAP on shoot
proliferation
Limited or no literature is available on the in vitro
regeneration of Hemianthus species. Therefore, apical
shoots, internodes, and shoot stems were cultured on
MS medium to select the best explant. Shoot stems and
internodes did not respond and failed to regenerate.
Apical shoots were inoculated on MS media containing
0.25, 0.50, and 1.0 mg L–1 TDZ, 2iP, BAP, and GA3 for
shoot proliferation and optimization of plant growth.
All regeneration media helped to induce 100% shoot
proliferation. Due to the induction of shoot clumps (a
higher number of shoots per explant), shoot per explant
counting was not feasible irrespective of growth variant

Figure 1. In vitro shoot proliferation of H. callitrichoides: (a) sterilized shoot clump; (b) contaminated
clump; (c) shoot buds in MS medium containing 0.5 mg L–1 TDZ, (d) 0.5 mg L–1 2iP, (e) 0.5 mg L–1 GA3,
and (f) 0.5 mg L–1 BAP after 3 weeks; (g) shoot proliferation in MS medium with 0.5 mg L–1 BAP after 5
weeks of culture inoculation. Bars: a = 0.3 cm; b = 0.5 cm; c, d, e, and f = 0.6 cm; g = 1.1 cm.
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(Figures 1c–1f). Therefore, data were noted on the
diameter of the explant, the area, and fresh shoot-clump
weight after 5 weeks of culture. PGRs significantly affected
the diameter (cm) of shoot clumps (F = 124.81; df = 12,
26; P ≤ 0.001), the area of shoot clumps (F = 140.56; P
≤ 0.001), and clump weight in grams (F = 205.01; P ≤
0.001). Comparing the four plant growth regulators, MS
media containing BAP were most suitable and effective for
the proliferation of shoots and their growth. In general,
in vitro shoot organogenesis (diameter and area) was
weakly promoted in the presence of 2iP, TDZ, and GA3 in
ascending order of growth responses in culture conditions
(Table 1).
The maximum growth of regenerated shoots was
noted after 5 weeks of culture inoculation. It was observed
that shoot growth was promoted only in the presence of
exogenous cytokinins. The maximum shoot diameter
(3.06 cm), area (6.12 cm), and clump weight (2.85 g) per
shoot clump was achieved in the MS medium containing
0.50 mg L–1 BAP. Jenks et al. (2000) and Sarma and Rogers
(2000) also emphasized the importance of BAP for
optimum adventitious shoot formation from petiole and
seedling explants in Nymphoides indica and Juncus effuses,
respectively. It should be noted that MS media containing
BAP had nonfragile growth of shoot clumps, and cell-tocell interactions between shoots were comparatively better
than the other growth regulators used in the present study.

Tiny shoot initiations started after 2 weeks of culture and
recognizable differentiation shoots were seen after 3 weeks
of culture inoculation.
The diameter of shoot clumps ranged between 2.49 and
3.06 cm and the minimal diameter (2.49 cm) was recorded
on 1 × MS (control) medium, followed by clumps of 2.54
cm noted on the MS medium containing 0.25 mg L–1 2iP.
The MS media containing 2iP had fragile and noncompact
shoot clumps. 2iP-containing media initiated small leaves
on the shoot clumps after 5 weeks of culture (Figure
1d). Contrarily, Sarma and Rogers (2000) reported no
significant differences in regeneration responses between
BAP and 2iP. Moreover, they emphasized that 2iP induced
the highest number (5.8) of shoots in Juncus effuses.
In the present study, shoots produced in vitro consisted
of small basal parts with multiple shoots originating from
the stem axis. Thus, a distinguishable stem with a higher
rate of shoot production became unimportant with respect
to visual screening of explants. The area of shoot clumps
ranged from 4.24 to 6.12 cm. Maximum shoot-clump
areas (6.05 and 6.12 cm) occurred in the presence of MS
media supplemented with 1.0 mg L–1 and 0.50 mg L–1 BAP,
respectively (Figure 1f). This indicates the superiority
of BAP among the growth regulators. The MS media
containing GA3 also showed better shoot-clump areas in
terms of the value of the results (area).

Table 1. In vitro effects of MS media containing TDZ, 2iP, BAP, and GA3 on shoot proliferation of H. callitrichoides .
MS medium +
PGRs (mg L–1)

TDZ

2iP

BAP

GA3
Control

Clump formation
(%)

Clump diameter
(cm)*

Clump area
(cm2)*

Clump weight
(g)*

0.25

100

2.65 ± 0.13 d

4.24 ± 0.19 f

1.87 ± 0.02 g

0.50

100

2.58 ± 0.14 de

5.42 ± 0.17 c

1.96 ± 0.02 efg

1.00

100

2.66 ± 0.14 d

5.33 ± 0.17 c

2.44 ± 0.03 c

0.25

100

2.54 ± 0.13 ef

5.08 ± 0.16 d

2.03 ± 0.02 de

0.50

100

2.38 ± 0.15 g

4.82 ± 0.22 e

2.90 ± 0.03 d

1.00

100

3.00 ± 0.08 ab

4.40 ± 0.22 f

1.62 ± 0.01 h

0.25

100

2.95 ± 0.08 b

6.01 ± 0.30 a, b

2.52 ± 0.02 c

0.50

100

3.06 ± 0.07 a

6.12 ± 0.30 a

2.85 ± 0.02 a

1.00

100

3.01 ± 0.08 ab

6.05 ± 0.27 ab

2.70 ± 0.02 b

0.25

100

2.58 ± 0.15 de

5.43 ± 0.20 c

2.06 ± 0.01 de

0.50

100

2.80 ± 0.15 c

5.92 ± 0.21 ab

2.01 ± 0.02 def

1.00

100

2.77 ± 0.14 c

5.82 ± 0.21 b

1.98 ± 0.01 defg

0.00

100

2.49 ± 0.16 f

4.94 ± 0.18 d e

1.90 ± 0.01 fg

*Values within a column followed by different letters are significantly different at the 0.01 level of significance using the Tukey b test.
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The GA3-treated shoots that produced shoot clumps
were comparatively more compact and nonfragile than the
BAP-treated shoots clumps. However, small and thin leaves
were induced on shoot clumps treated with GA3 in each
treatment (Figure 1e) after 4 weeks of culture. Nishijima et
al. (1994) reported that an optimum concentration of GA3
biosynthesis inhibitors markedly inhibited the elongation
of seedlings in rice.
The weights of regenerated shoot clumps ranged from
1.87 to 2.85 g. The maximum fresh weight was noted with
MS media containing BAP. The maximum weight of fresh
shoot clumps showed the superiority of the medium with
the best explant growth. Contrary to our results, shoot
organogenesis and growth from internodal stem explants of
Myriophyllum aquaticum and Nymphoides were completely
inhibited in the presence of 10 mg L–1 BAP alone (Kane et
al., 1991; Sarma and Rogers, 2000). The minimum shoot
clump weight (1.87 g per clump) was recorded with the
MS medium containing 0.25 mg L–1 TDZ. All MS media
containing TDZ had shoot clumps that were nonfragile
and compact in appearance. Shoot multiplication was very
slow and it was not easily observable on clumps (Figure
1c). Our results on TDZ activity on cell differentiation and
morphology are in line with those of Sumlu et al. (2010).
The authors suggested that the effect of thidiazuron on
growth is greater in the dark than under light conditions.
It was further speculated that the culture explant may have
supplied thidiazuron to the explant more vigorously under
dark conditions.
In the presence of 2iP and GA3 in the medium, the
regenerated shoots did not show any sign of inhibition.
These results are in agreement with those of Blakesley and
Lenton (1987). They also did not observe any inhibition
of growth when explants were cultured in the presence of
either 2iP or zeatin. This may be a sign of differences in
cytokinin metabolism and uptake by aquatic plant species
that indicates differences in efficiency and effectiveness of

naturally occurring versus synthetic cytokinins to promote
shoot organogenesis.
3.3. Effects of different sucrose concentrations
Since our results revealed the MS medium containing
0.5 mg L–1 BAP as the optimum for shoot proliferation in
Hemianthus, this medium was chosen for the experiment
to optimize the sucrose (1.5%, 3%, 4.5%, 6%, and 9%)
concentration as a carbon source in the media. The results
showed that different concentrations of sucrose were
statistically significant in terms of diameter (F = 2457.40;
df = 4, 10; P ≤ 0.01), area (F = 3106.66; P ≤ 0.01), and fresh
weight (F = 2457.40; P ≤ 0.01) of the shoot clumps. Table
2 shows the different sucrose concentrations significantly
affecting the diameter, area, and fresh weight of developed
plants. A conspicuous variation was noted in the plant
growth development pattern and morphology at these
concentrations of sucrose.
The present study showed that regenerated shoots
in MS media of 4.5% or lower concentrations of sucrose
were dark green with a longer length, whereas in media
containing higher sucrose concentrations the shoots were
light green with a tendency for hyperhydricity followed
by necrosis. The shoots regenerated on higher sucrose
concentrations had the negative effect of decreased
chlorophyll synthesis, and they were necrotic and
inhibitive to proliferation. Explant diameter and area at
higher (9%) concentrations of sucrose in the medium
were significantly (P ≤ 0.01) inhibited (Figure 2a). These
observations are in agreement with those of Selles et al.
(1997) and Barpete et al. (2014b), who observed that high
sucrose levels stressed the shoots, which exhibited reduced
green leaves and poor development in Narcissus confusus
and Lathyrus sativus, respectively.
The explant diameter ranged between 1.26 and 2.70
cm, with a maximum diameter (2.70 cm) on the MS
medium containing 4.5% sucrose (Table 2; Figure 2b).
However, a statistically similar diameter was noted on

Table 2. Effects of MS media plus 0.50 mg L–1 BAP containing different concentrations of sucrose on shoot proliferation of H.
callitrichoides.
Sucrose concentration
(%)

Clump formation
(%)

Clump diameter
(cm)*

Clump area
(cm2)*

Clump weight
(g)*

1.5

100 a

1.43 ± 0.20 bc

1.23 ± 0.30 c

0.75 ± 0.02 d

3.0

100 a

2.63 ± 0.14 a

6.13 ± 0.27 a

2.64 ± 0.02 b

4.5

100 a

2.70 ± 0.05 a

6.75 ± 0.30 a

3.19 ± 0.02 a

6.0

93 a

1.87 ± 0.12 b

2.68 ± 0.17 b

2.28 ± 0.02 c

9.0

27 b

1.26 ± 0.20 c

1.03 ± 0.11 c

0.73 ± 0.01 d

*Values within a column followed by different letters are significantly different at the 0.05 level of significance using Duncan’s multiple range test.
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Figure 2. Effects of sucrose on shoot proliferation adaptation of H. callitrichoides: (a) dried clumps
on 9.0% sucrose; (b) shoot proliferation on 4.5% sucrose; (c) rooted plantlets on MS medium; and
(d) acclimatized clumps in the aquariums. Bars: a = 0.4 cm; b = 1.5 cm; c = 0.7 cm; d = 2 cm.

MS media containing 3% and 4.5% sucrose in the present
study. These sucrose levels favored explant diameter and
area. These findings are in agreement with Barpete et al.
(2014b), who demonstrated that plants growing on 3%
or 4.5% sucrose encouraged the development of fleshy,
sarcous, and long shoots with broad and healthy leaves in
grass peas.
Shoot-clump area varied between 1.03 and 6.75 cm
(Table 2), with a maximum area on the 4.5% sucrosecontaining MS medium. Explant weight was also
significantly affected by sucrose concentration in the
present study. Explant fresh weight ranged from 0.73 to
3.19 g per plant. A gain in fresh weight of the explant was
noted as sucrose levels increased from 1.5% to 4.5% in
the medium. However, fresh weight decreased with each
increase in sucrose concentration beyond the 4.5% level.
The maximum weight gain was noted in the medium
containing 4.5% sucrose, where the developing shoots were
comparatively more branched and healthy. The minimum
fresh weight was noted in 9% sucrose concentrations, in
line with Chow et al. (1992) and Selles et al. (1997). They
emphasized that higher concentrations of sucrose led to a
decrease of growth in the cultivars of Narcissus confusus.
Higher sucrose concentrations probably show the effect
of hydric stress on plant tissues or increased storage
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material. Apparently, high sucrose levels resulted in low
photosynthesis due to an increased osmotic stress resulting
in chlorosis on leaves and poor development of shoots
growing on explants. These findings are in agreement
with Takayama and Misawa (1979), who observed that the
effect of sucrose on bulb growth of Lilium auratum could
probably be mediated by changes in osmotic potential
during the growth of plants.
3.4. Rooting and acclimatization
The results of this study distinctly showed that rooting was
promoted on shoots that were cultured in MS medium
without PGRs (Figure 2c). Contrary to our findings,
Tiwari and Singh (2010), Sharma et al. (2010), and Barpete
et al. (2014a) suggested that PGRs must be used for root
initiation in aquatic plants and legumes. They used IBA for
successful rooting in B. monnieri and L. sativus. However,
they emphasized that plants need lower concentration of
IBA at the early stage.
All H. callitrichoides in vitro regenerated plants were
acclimatized in aquariums without any mortality (Figure
2d). However, plant growth during the acclimatization
was affected by a low light intensity. It may be recalled that
H. callitrichoides is photophilic and cannot grow in dark
conditions. Low or diffused light is insufficient for proper
photosynthesis, in line with the findings of Sumlu et al.

BARPETE et al. / Turk J Biol

(2010) who emphasized that the white water lily cannot
grow in dark conditions and diffused light usually produces
a slow growth rate of plants, leading to their ultimate death
in aquariums. However, Öztürk et al. (2004) successfully
acclimatized Ludwigia repens in aquariums without a
problem with ambient light intensity. Moreover, previous
studies on Bacopa monnieri (Karatas et al., 2013) and
Rotala rotundifolia (Karatas et al., 2014) demonstrated that
plant growth was clearly affected by pH and plants needed
a slightly acidic to alkaline medium for proper growth.
Therefore, it is suggested that 100% acclimatization can
be achieved by an abundant light supply with a pH of 6–8

of the supplied tap water, in agreement with Karataş and
Aasim (2014).
In conclusion, our research met its objectives by
developing an efficient in vitro high frequency plant
regeneration system for the aquatic plant Hemianthus
callitrichoides. Hemianthus has a high potential for future
environmental studies and can be used in phytoremediation
of polluted water bodies that are contaminated with heavy
metals. The regeneration protocol that was described
in this report could also be used as an effective tool for
functional genomic studies and secondary metabolite
production.
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